Background: Pulsed dye laser (PDL) is considered the treatment of choice for port-wine stains (PWS). However, multiple laser sessions are required over a long period. Objective: The aim of the study is to evaluate the ability of multiple passes of PDL to bring about faster PWS fading and reduce the treatment period. Patients and methods: Twenty patients with PWS were treated by triple passes of PDL with variable pulse durations (3, 6, and 10 ms). Each patient received three to six laser treatment sessions (spot size: 7 mm, fl uencies: 8 -12 J/cm 2 ). Results: Minimal improvement occurred in only two patients. Conclusion: Multiple passes of PDL did not result in faster fading of PWS lesions. The triple-pass technique may be of value if used in a different way or with different parameters.
Introduction
Port-wine stains (PWS) are a congenital cutaneous vascular malformation involving postcapillary venules [1] . Histologically, PWS demonstrate ectatic dilation of a normal number of postcapillary venules of diameters ranging from 10 to 150 μ m and predominantly involve the papillary dermis at depths of 300 to 600 μ m [2, 3] . The cause of PWS is not yet completely understood. The most likely hypothesis is the defi ciency or absence of surrounding neurons regulating blood fl ow through the ectatic postcapillary venules. As a result, the blood vessels are unable to constrict normally and remain permanently dilated [4] .
PWS are present at birth and persist, without a tendency to resolve. The cosmetic disfi gurement and signifi cant psychological distress necessitates treatment of these lesions [5] .
The vascular-specifi c pulsed dye laser (PDL) has long been considered the standard treatment for PWS because of its safety in children and adults as well as its effi cacy across a wide range of skin phototypes [6, 7] . However, PWS response remains variable and unpredictable, and in many patients, PWS fade only minimally [8] . Multiple treatments are the rule in treating PWS [9] , i.e., it takes a long time and frequent visits are required.
The aim of this study is to evaluate the effectiveness of a PDL treatment with triple passes of variable pulse widths to reduce the number of treatment sessions and obtain faster PWS fading.
Patients and methods
In this study, 20 patients (skin type IV -V) with PWS were involved. Three patients were males and 17 were females. The age of the patients ranged from 1 to 33 years, with a mean age of 13.5 years. All lesions were located on the head and neck (Table 1 ) .
A fl ash lamp-pumped PDL of 595 nm wavelength (V-beam; Candela Corp., Wayland, MA, USA) and fi tted with a cryogen spray cooling device in the hand piece, was used in this study. For each patient, three to six laser treatment sessions were performed at intervals of 8 -12 weeks. All treatments were performed using a spot size of 7 mm in diameter. The used energy was determined as the fl uence causing minimal purpura (ranged from 8 to 12 J/cm 2 ). Each lesion was divided into upper and lower halves. The lesions were not divided into medial and lateral portions because the lateral portions tend to respond better [10] . Most cases had a distribution of maxillary division of trigeminal nerve and were divided where the nasolabial fold and nasal ala meet into upper and lower cheek halves (Figure 1 ). The upper half of the lesions received three passes using pulse duration of 3 ms in the fi rst pass, 6 ms in the second pass, and 10 ms in the third pass. The three passes were done sequentially, i.e., the fi rst pass was carried out (3 ms) for the targeted area, followed by the second pass (6 ms), and fi nally, the third pass (10 ms). The lower half of the facial lesions received only one pass using the 6-ms pulse duration. In bilateral lesions, one side (usually the right side) received three passes, whereas the contralateral side received one-pass treatment. Concomitant epidermal cooling was applied during laser irradiation to protect the epidermis and to reduce the patients ' discomfort. General anesthesia was used in children (11 patients), whereas topical anesthesia (eutectic mixture of lidocaine/prilocaine, EMLA) was applied 1 h before treatment session as requested by some adult patients.
Digital photographs (Sony Cyber-shot DSC-H2 digital camera) were obtained before the fi rst treatment session and 2 months after the last laser session.
Patient improvement was evaluated by frequent clinical examination and assessment of digital photographs. Complications were also recorded at each follow-up visit. Digital photographs were examined by both treating physician and an independent senior staff member who had previous experience in treatment of PWS patients. Degree of clinical improvement was determined by comparison of photographs before the fi rst laser session and 2 months after the last laser treatment. The difference in improvement between the triple-pass-treated sites and single-pass-treated sites were determined as minimal ( < 25 % ), mild (25 -50 % ), moderate (51 -75 % ), and signifi cant difference ( > 75 % ).
Results
Eighteen patients with previously untreated PWS and two patients who had received two laser sessions in advance were included in the current study between January 2009 and May 2011. All patients were treated at Laser Unit, Plastic Surgery Department, Ain Shams University Cairo.
Clinical examination of patients and analysis of digital photographs revealed no difference in triple-pass-treated sites and single-pass-treated sites in most patients. Only two patients, 18 years old ( Figure 2 ) and 3 years old (Figure 3 ), showed minimal difference between both treated areas. No signifi cant complications were recorded. Two patients had mild blistering after one laser session and were treated conservatively 
Discussion
For many years, scientists in basic research and clinicians have addressed the topic of what constitutes the optimal treatment parameters for PWS [11 -13] . PDL is considered to be the standard treatment for PWS [6, 7] . PWS response to laser treatment depends upon various factors (age, localization, size, color) and cannot generally be predicted [14] . After an average of four to eight treatment sessions, PWS lighten by over 75 % in around 40 % of the patients. A clearance rate of below 50 % has been described in literature in approximately 14 -40 % of all cases [15 -17] . The use of multiple pulses, passes, or " pulse stacking ' ' was originally used in an attempt to improve lesion clearance and to reduce the total number of treatments required for acceptable outcomes [18] . The size of vessels varies in PWS, which makes it difficult to treat the condition using a fi xed pulse width. The pulse width should be long enough to heat the vessel wall but short enough to prevent excessive heating of perivascular tissues [19] . With administration of multiple pulses, an increase in temperature in a target vessel can be achieved if the surrounding vessels are also heated at the same time [20] . Dierickx et al. [21] indicated that the ideal pulse duration for PWS, with an average vascular diameter of 30 -150 mm, is around 1 -10 ms. For these reasons, our choice was to use triple passes of PDL with pulse durations of 3, 6, and 10 ms.
Rohrer et al. [18] used PDL to demonstrate that pulse stacking at pulse duration of 10 ms can increase vessel clearance when compared with PDL treatment using single pulses of the same fl uence. Verkruysse et al. [22] demonstrated that multiple, consecutive laser pulses target deeper and more optically shielded blood vessels. Aldanondo et al. [20] found in their study that in selected cases multiple pulses were effective and selective where single pulses did not successfully coagulate the vessels.
In the current study, each pass was completed using a given pulse duration, then the following pass was applied using another pulse duration, leaving enough time between passes for the treated area to cool. We chose this technique according to the fi ndings of Aldanondo et al. [20] , who reported that successive pulses led to necrosis, whereas pulses separated by a minute gave rise to effective and selective coagulation. For the second-generation PDLs with longer wavelengths, higher fl uencies have proved to be useful in the treatment of PWS [23 -26] . Longer wavelengths penetrate deeper, allowing targeting of deeper vessels [27] , which is why we chose to use the long-pulse 595-nm PDL.
The best clearance rate overall was found in the areas with the fl uencies causing purpura [28, 29] . In our study, the fl uence used was also adjusted to the energy that caused minimal purpura.
Despite all these criteria, the clinical results of the triple passes of variable pulse widths were disappointing. Nearly all the patients failed to demonstrate any remarkable progress in PWS fading. Only two patients showed minimal difference between both compared areas, which were of no signifi cance for both patients. The exact cause for such disappointing results is unknown. It seems that the fi rst pass of PDL makes some sort of vessel response blockade, making subsequent passes of no value. In addition, all patients of the study had dark skin type (IV -V), which may be responsible for such results. However, such results need further evaluation, such as histopathological or radiological studies, to reach an acceptable explanation. Furthermore, the multiple passes may be of value if used in a different technique or with different parameters. These changes can involve pulse stacking or use of longer pulse durations, and such a study is currently in progress.
One positive aspect of the treatment was that multiple passes did not result in signifi cant complications between both treated areas.
Conclusion
The triple-pass technique of PDL with variable pulse durations did not accelerate the rate of PWS fading. It is possible that better results would be obtained with the triple-pass technique if the pulse sequence or pulse duration were to be modifi ed.
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